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The_:'_!__a'riable Taste Perception of

Sodium Benzoate*":

{Manuscript received April 1, 196Q)

TASTE BLINDNESS t0 phenylthio-
carbamide (PTC) (2), which refers to the fact that
PTC, while intensely bitter to most people, is practi-
cally tasteless to others, was discovered by A. L. Fox,
a chemist, about 30 years ago. The validity of this
phenomenon has been well established (7). In 1954
Fox reported having found an analogous effect with
sodium henzoate {3). He eclaimed that there are
marked individual differences in the qualitative taste
response to sodium benzoate and that people can be
reliably elassified into ‘‘sweet,”” “‘salty,”” ‘‘bitter,”’
““sour,’’ or ‘‘tasteless’’ groups. He reported further
that, when his test population was eross-tabulated on
the basis of responses to hoth sodium benzoate and
PTC, he found a definite relationship to food prefer-
- ences. Ie suggested that this joint classification eould
be used for selecting flavor testing panels, so that
their preferenees would closely approximate those of
a known population.

Verification of Fox’s theory would have a signifi-
cance even beyond the practical implications for panel
seleetion. Tracking down the physiological basis for
such consistent differences between people in taste per-
ception would eontribute impeortant basic information
toward developing a theory of the taste senge. All re-
ports agree that individuals vary eonsiderably in their
taste responses to sodinm benzoate, and similar effects
have been reported for various other chemicals (5).
Usnally the investigators have assumed, just as Fox
did, that differences were physiclogically determined.

Fox’s paper stimulated a good deal of interest
among food technologists, who are constantly seeking
short-cut methods, and brief reports of his findings
appeared in various technical publications and tfrade
journals. However, in spite of the wide interest, but
little furtker work has been done, either to verify his
findings or to apply them. Hoover (4) did attempt
to recheck Fox’s work. He found that responses were
extremely variable and concluded that the classifica-
tion scheme was invalid. Exploratory experiments
run at this Institute and at other lahoratories, using
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water solutions of sodium henzoate as the stimuli, also
gave results that were not consistent with Fox’s
theory.

Ho far the nature of the sodium benzoate effect has
only been roughly indicated. Fox assumed that the
variability is based on genetic differences, and this
cannot be eompletely rejected; however, his experi-
ment neglected certain important facets of the prob-
lem. Fox and others have used filter paper, impreg-
nated with solution then dried, as the taste stimulus.
The filter paper itself is not entirely flavorless and,
even if it were, it might mechanieally interfere with
taste perception. Further, we must suppose that the
effective strength of the stimulus could vary with the
amount and pH of the subject’s saliva. Further, even
though the data were adequate, the interpretation
might be faunlty. The sensory experience aroused by
sodium benzoate may be common among all persons,
vet responses may be variable because the taste is un-
familiar and ambiguous so that the response is medi-
ated in large part in the eentral nervous system, where
it is inflnenced to a large extent by attitudes and
expectations.

Problem. Exploratory experiments were required
to narrow the range of possible explanations by de-
seribing the phenomenon . more aeceurately. The
present investigation was directed toward this end,
being concerned, first, with the basie. question of
whether the respouse is variable and, secondly,
whether variability, if found, is primarily a function
of differences among people or differences in stimulus
strength. The following hypotheses were set up:

(a) The qualitative gustatory response to sodium
benzoate is no more variable than are responses to
many commaen substances.

{b} The qualitative response to sodium benzoate
varies among individuals in such a way that they can
be reliably classified into a limited number of quali-
tative groups.

(e) The qualitative response to sodium benzoate
varies as a funetion of stimulus strength.

METHOD

Test subjects. Test subjects were employees of this Institute—
both men and women—most of whom had had previous experi-
ence in sensory testing, including psychophysical experiments
which reguired judgment of fine differences. For several months
prior to the experiment they participated in various exploratory
stizdies on sodium benzoate, ineluding thresheld determinations,
and were Tamiliar with its taste.

Test materials. The stimuli were solutions of C. P. sodium
benzoate made with distilled water which had been filtered
through activated charcoal. Thresholds, established by the
method of comstant stimulus differences, were found to be quite
different among the test subjects, ranging from .008% to
400%. A series of eoncentrations was finally selected to cover




the racge from near the threshold for the most sensitive sub-
jects to the point where the flavor was strong enough fo be
definitely nnpleasant. The concentrations were spaced in the
log series: 019G, .03%, .10%, .31%, and 1.00%.

Test methed and procedure. The Flavor Analysis guestion-
naire {Figure I} was used to rate each sample for intensity of

FLAVOR ANALYSIS

Name: Date
INTENSITY
Sampie Code )
Sour [ [ I | f | | | |
none slight moderate strong extreme
Salt [ 1 | E ! i |
none slight moderate sirong extreme
Sweet | i | | [ | I | |
nona slight moderate strong extreme
Bitter _ | P | | ! ! | E
none slight moderoie strong extreme

Figure 1. Questionnaize for flavor analysis tests,

each of the 4 qualities: salt, sweet, sour, and bitfer. The in-
struetions given to the subjects describe the detail of the test:
f“Your task will be to analyze the flavor of each sample. You
will do this by indicating the strength of each of the qualitics,
—salt, sour, sweet, and bitter, on the guestionnaire forms pro-
vided. Use a different form for sach sample. Please eonsider
and raie the gualities in the order iz which they appear on the
guestionnaire. You will have all the time you need to eonsider
each sample and you may taste it as often as you wish. Ask
for more of a solution if necessary. Return the glass as soon as

you finishk a sample and rinse your mouth thoroughly with -

water, There will he a one-minute wait from the time you
return one glass until you recsive the next sample. There will
be 5 samples in all.

These are water solutions of sodium benzoate This ma-
terial is mot harmful; however, you are asked to spit out the
solution rather than swallow it in order fto veduee carry-over
effeets from one sample fo the next.’’

The same questionnaire was used to estimate total flavor
intensity by asking for a single rating of over-zll intensity
without attemptitig to break it down info the separate gualities.

Experimental design. A subject judged all 5 selutions at each
session, The 120 possible different orders of presentation were
assigned randomly to test subjects to balance order effects in-
gofar as possible. The 24 possible orders of appearance of the
4 gualities on the questionnaire were alse balanced and were
used as nearly as possible wifk equal frequeney., Sessions were
conducted at about weekly intervals. There were 2 replications
of the experiment. The first involved a total of 5 sessions. The
seeond replication was run 9 monfhs after the eompletion of the
first and involved only 2 sessions for each subjeet. Of the 25
subjects whe participated in the first series of tests, ounly 18
were available for the second. Rating of over-all flavor inten-
sity was done by the 25-member panel soon aftel the firgt
replieation of the flavor analysis.

Data analysis. The data were subjected to several analyses of
variance. The analysis reported here involved only mean rating,
i.e., the average, for each subjeet, of the ratings givan to each
sample for each quality. IData were used only from the 18 sub-
jeets who partieipafed in both replications. The error terms
for determining reproducibility of results were as follows: each
main effeet was tested against the pooled variance from all
interactions involving replication and the particular effeet;
replication main effect itself was tested against the pooled
variance from f‘subjeet’’ and the subjeet-replication inter-
action; and interactions were tested against the pocled variance
from all higher order interactions involving the same factors.

In analysis of the main experiment the faetor of concentrs-
tion was given special treatment, being brokea down into four
independent comparisons. The reason for this approach, and
the comparisons themselves, are discussed helow,

RESULTS AND DISCUSSION

Figure 2 plots the relation of over- aE flavor in-
tensity for the 5 samples against coneentration: Two
points may be noted. First, the two weakest concen-
trations rated the same, and second, beyond this
point the funetion is linear,

In Figure 3 the average intensity ratings from the
flavor analysis experiment have been plotted against
concentration separately for each of the four qualities.

AVERAGE OVER-ALL FLAVOR INTENSITY
OF SODIUM BENZOATE SOLUTION IN
RELATION TO GONCENTRATION
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Figure 2, Average over-all flavor intensity of sodium benzoate
solution in relation te concentration,

AVERAGE INTENSITY OF FOUR TASTE QUALITIES OF S0DIUM
BENZOATE SOLUTION {N RELATION TO GONGENTRATION
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Figure 3, Average intensity of four taste qualities of sodium
benzoate solution in relatiom to concentration.




. These plots are based on the average ratings over
both replications of only those 18 subjects who par-
ticipated in both. Results are not shown separately
for the replications because the 2 charts were closely
similar. At the two low concentrations, the average
ratings were practically identieal; however, for the
higher concentrations, the salf, sweet and. sour aver-
ages were somewhat higher in the first replication.
This is reflected in the significant interaction between
replication and eoncentration—~Comparison B.

Although these plots start at about the same level
as that for over-all intensity, they do not rise to the
same level at the highest concentrations. Of course,
in the flavoer analysis the subjects had a quite different
and more difficult task than in rating over-all inten-
sity. Note that the curve for bitter differs from the
others, It starts at a definitely higher level and has
its minimum at the middle eoncentration before again
aseending. The higher level of bitter at the lowest
coneentrations appears to be unrelated to sodimm
benzoate, since many of the subjects judged the dis-
tilled water itself to be bitter.

The general level of intensity, considering all quali-
ties, is the same for the two weakest solutions, which
agrees with the results on over-all intensity. This
confirmed that we had, in effect, included two ‘‘base
line’” or “‘zero’’ samples in the experiment, Since
this would tend to cause spuriously high interactions
of eonceentration with quality, a method of handling
concenfration was adopted which avoided this. Con-
centration was broken down into the following ortho-
gonal eomparisons: _

Comparison A—difference between the two weakest
coneentrations.

Comparison B—the two weakest us the three
strongest coneentrations,

Comparison C—Ilinear effect among the three
strongest concentrations, :

Comparison D—quadratic effect among the three
strongest concentrations,

Table 1 extracts from the analysis of variance those
figures which are important to the present discussion.
The higher order interaections, most of which were
insignificant or horderline, are not shown separately.

The main effect of replication is not significant,

which indicates that the average level of rating was

the same both times. This speaks favorably for re-
liability ; however, the interactions of replication with
. subjeet, quality, and concentration Comparison B—
were all significant at about the 19 level, which shows
that there was some shifting between replications.
The rank order of the subjects’ average ratings
changed to some extent between replications; also the
differences between averages for the different quali-
ties were not the same, although they fell in the same
rank order in the 2 replications.

The significant main effeet of subject was expected
and reflects only people’s differing levels of sensitivity
and different habits of using the scale. The significant
main effect of gquality verifies what is obvious from
Figure 3, namely, that the over-all level for some
gualities ig higher than for others. The various eon-

TABLE 1 _
Analysis of variance for flavor analysis of sodium benzoate

' . Degrees of Mean I
Source of variance frepdomm square S1gn1ﬁeanne .
Replieation. 1 12.30
Subject. 17 10.00 <0.1%
Quality...... -3 18.65 0.1
Coneentration Comparison 4A............ 1 39
Concentration Comparisen B..... 1 92.23 <0.1%
Concentration Comparison C..... 1 69.52 <0.19%
Concentration Comparisen D..... 1 56
SUBJeCt-qUATET. 1vevvcrersereseesceceeee oo vee 51 320 <0.16%
Coneen. Comp. A—-Quality.,....vemro--- 3 76 1.0%
Concen. Comp. B—CQuality.... 8 19:61 <0.1%
Conecen, Comp. C—Quality.... 3 2.55 <0.1%
Concen. Comp, D—Quality...vvierennne 3 1.35
Interaetions (2-facior) with
replication :
Repl—S8ubject...ivrcrimimraiiin. 17 1.53 1.0
© Repl—-@Quality......comvmmenenanns .38 2.58 1.0%
Repl—Cone. compar. A, 1 10
Repl.—Cone. compar, B, 1 9.00 0.5%
Repl.—Conc. compar. C. 1 1.76
Repl.—Cone. compar. D. 1 26
Other 2-factor interactions
with subject:
Bubject—Cone. compar. A........ 17 .32 5%
Bahject—Conc. compar. B........ 17 1.5
Bubject—Cone. compar. C........ 17 1,83
Subject-—Cone. compar. D........ i7 17
Ajl 3-factor and 4-factor
interactions combined.......ccceeeuean. 589 BT

centration main effects may he interpreted as follows:
Comparison A is not significant, which verifies that
the 2 weakest samples were essentially the same. The
insignificant Comparison D effect shows the absence
of quadratic effeet among the top 3 samples. How-
ever, both Comparison B and Comparison C acecount
for a high proportion of the total variance. Again,
this was expected and simply shows that higher con-
centrations are rated as more intenge,

It iz the two-factor interaetions whieh are most
important for this experiment. ‘A significant subject-
quality interaction would indicate that responses dif-
fer among people, and would tend to support Fox's
original elaim. A significant eoncentration-quality
interaction, on the other hand, would indicate that
the wvariable responses are a funetion of differences
in strength of the stimulus. The analysis gives both
hypotheses some support. Subjeet-quality interaction
is significant at beyond the 0.1% level, as are also the
interaetion of quality with concentration Comparisons
B and C. The mean square for the Comparison B-
guality inferaction is much higher than for either of
the others but this iz partly spurious. It shows that
the relative order of the 4 qualities based on the aver-
age of the 3 strongest samples was different from the
relative order based on the average of the 2 weakest,
but we have already noted that the latter were so
weak that the order of the qualities was probably due
to chance. The 1% level of significance for the con-
centration Comparison A-quality interaction was
probably due to the previously mentioned bitter
responses to the distilled water and thus would have
no bearing on the sodium benzoaté problem. The in-
teraction of quality with coneentration Comparisen

C, however, reflects significant differences in the quali-



tiés reported at different above-threshold conecentra-
tions, henece bears directly on hypothesis (e).

An important finding that emerged, not from for-
mal analysis of the data, but from inspection of the
patterns of responses for individual subjects was that
almost all of them reported more than one quality.
Some subjects consistently rated a given quality
highest yet ascribed intensities to one or two others
that were far above the negligible level ; others wounld
rate 2 or 3 qualities at about the same level, or their
relative ratings of the qualities would be different for
strong and weak concentrations, No reasonable
_scheme of classifying subjects acecording to their pat-
terns of response could be devised, since there would
have been nearly as many classes as subjects. One
finding, however, is definite—sodium benzoate flavor
is a mixture, or blend. Thus, any experimental tech-
nique which required report of a single quality would
misrepresent the facts by foreibly discarding infor-
mation. ‘

Finally, we come to a question of general control.
The results show that there is considerable variability
in the faste response to sodium benzoate, but is this
unusual? Perhaps such variability is charaecteristic
of the taste response in general and not just of sodium
benzoate. As a check on this possibility, comparable
flavor analysis tests were run on caffein, sucrose,
sodinm chloride, and citric acid. The subjects were
19 of the original panel, The stimuli were log series
of 4 concentrations of each substance, the weakest
heing set at a level just above the estimated group
threshold. All 16 samples were included in the same
experiment. The order of presenfation was deter-
mined randoinly for each subject and four sessions
were required to test the complete set.

Results are shown in Figure 4, separately for each
substance. The average ratings are plotted against
concentration separately for each quality. Although
.some confusion is demonstrated at the lower levels, as
conceniration increases the single quality appropriate
to the substance emerges and the others drop off to
the “‘noise’’ level. Definitely there is much less varia-
hility than for sodium benzoate. ‘

CONCLUSIONS

Let us assess the results in terms of the hypotheses
set forth in the introduction: The first hypothesis,
that the response to sodium benzoate is no more vari-
able than for many common substances, can be re-
jected on the basis of eomparison with the flavor
analyses of common substances. The second hypothe-

sis can also be rejected, buf only because it overstates

the case. We have confirmed that responses vary
among individuals, but our data strongly. suggest
that sueh responses would not be a reliable way of
clasgifying people. The simple statement of the third
hypothesis is confirmed in that responses were shown
to vary as a Tunction of stimulus coneentration, among
other things.

The results of this study are not definitive in the
sense that they completely ‘‘explain’’ variation in the
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Figure 4. Average intensity of four taste qualities in relation
te concentration for solutions of common substances.

taste response to sodium henzoate. The variation has
been confirmed and we have briefly explored some of
the charaeteristics of the phenomenon. Definitely, it
would appear that any simple model will not serve,
Fox implied that the differences in perceplion were
due to basic physiological differences. This may be
partially true; however, once it is seen that we are
dealing, not with a simple b-category classifieation,
but with a complex set of patterns, it is reasonable to
ijook for multiple causes. Some of these may be
physiological, but it is also likely that much of the
variation is related fo differences among people in
learning and verbal habits, speelﬁeally the language
they use to deseribe their taste experiences.
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